• Incineration is increasing as a waste disposal option
23
• Atmospheric emissions are an important concern
24
• Abatement plant is highly efficient for particulate matter the effects of the smaller particles that may be emitted from these plants, and that metals may be 69 present at enhanced concentrations in these smaller particles (Zhang et al., 2008) . The recent 70 development of engineered nanomaterials has also raised the question of the consequences of the 71 disposal of products containing these materials by incineration (Holder et al., 2013) .
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A limited literature exists on the particle number concentrations and size spectra of emissions from 
METHODOLOGY
87
For the purpose of this review, the "Web of Science" and "Google Scholar" databases were 88 searched using the terms; "waste" and "incineration" and "emission" and ("ultrafine" or "PM 0.1 " or "PM 1 "), These attributes also result in this particle size range (0.1 -1 µm) being the most difficult to capture 124 in filtration systems (Zeuthen et al., 2007) . Larger particles may be captured by interception (where 125 a particle following the flow is within the particle radius of a filter element), impaction (where the 126 inertia of a particle carries it onto a filter element), and -to a limited extent -gravitation (where a 127 particle settles on a horizontal element of the filter) (Hinds, 1999 efficiency is improved, and tends to occur at a lower particle diameter (Brown, 1993).
134
Larger particles generally enter the atmosphere through mechanical abrasion processes or through The dependence of particle formation mechanisms on the temperature and degree of saturation of 145 vapours may result in the concentration of particles measured being influenced by conditions in the 146 exhaust flue. The sampling of particulate matter from hot flue gas requires the gas to be diluted and 147 cooled under controlled conditions. While the combined mass concentration of gases and particles
148
is conserved, this is not the case for particle number concentration, and differences in dilution 149 M A N U S C R I P T 
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The size of particulate matter within the incinerator tends to be relatively large compared to oil or process, the value of particle number concentration given in Table 1 is that for the final (and lowest 234 temperature) measurement stage.
236
In reviewing measurements of ultrafine particles in emissions from a combustion source, it is 237 important to recognise that the sampling protocol can influence the measured number concentration 238 and size distribution. An extreme case is that of diesel engine exhaust where the use of low 239 dilutions has a tendency to suppress the formation of newly nucleated particles derived from semi-
240
volatile constituents of the exhaust gases (e.g. Shi and Harrison, 1999) . Generally speaking, the use 241 of high dilution with cool clean air prior to particle measurements will tend to increase the number 242 concentration of particles when calculated back to a concentration in undiluted exhaust gas,
243
although the mass concentration of particles is not significantly affected, the mass of particles and 244 vapour being conserved. In the case of diesel exhaust, new ultrafine particles can be formed from 245 condensation of semi-volatile vapour of lubricating oil present in the exhaust gases.
247
New particle formation is dependent upon the concentrations of condensable vapours and pre-248 existing particle surface area and will therefore be influenced by the dilution and temperature of the which had an electrostatic precipitator and agglomeration filter rather than a fabric filter which is 266 why it is not considered in suggest that the higher particle number concentrations measured on the plant with a wet particulate 274 collection system may be due to the operation of that system. 
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Effects of Combustion Processes on Particle Emissions
287
The number and size distributions of the particles emitted by incineration will depend upon the 288 materials burnt and the combustion processes within the incinerator, and upon any device inserted 289 into the exhaust gas stream to remove particulate matter. were less than 1% of the total weight, a measurement that was not considered reliable by Zeuthen et the furnace ash, the larger quantity of furnace ash resulted in the majority of all metals being found in 351 the latter. The ratio of metal in the fly ash to furnace ash was greater for the more volatile metals.
352
These incinerators were operated with lime slury (Ca(OH) 2 ) to remove acid gases, activated carbon to wet scrubbers (the latter primarily used to treat gases although they will also remove some 399 particles), and more modern techniques of dry and wet electrostatic precipitators and fabric filters. 
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Electrostatic precipitators and cyclones
402
The effect of switching a wet electrostatic precipitator (that was located on a MSW incinerator after 
435
(2012) who measured higher particle number concentrations on a plant with a wet filtration system. 
Comparison of Incinerator Emissions with Ambient Concentration Measurements
452
Hourly measurements of ambient particle number concentrations have been made by condensation Table 1 .
458
These are relevant comparators as the largest UK municipal waste incinerator (Edmonton) is 459 located in London, and others are within suburban or rural areas of the country. The values of 460 ambient particle number concentration at the background and roadside sites in London (Table 2) are 461 generally similar to, and in some cases greater than, the particle number concentrations measured in 462 the exhaust emissions from MSW incinerators listed in Table 1 . At their first three sites (Table 1, The particle number size spectra of emissions from MSW, biomass, gas and gas oil powered relatively low concentrations at smaller particle sizes and relatively high concentrations at particle 506 diameters around 0.5 µm. In contrast, the biomass fuelled plant (with electrostatic filtration) and the 507 gas and gas oil fired plants have emissions with maximum concentrations at particle diameters less Harwell rural site following the mandatory sale of "sulphur free diesel" for use in 
